DNA ligase IV/Xrcc4 complex, which is involved in the solved the three-dimensional structure of the segment 1463-1617 of mouse 53BP1 (53BP1 TT ) using NMR. Here nonhomologous end joining (NHEJ) pathway of DSB repair in mammalian cells. Thus, the central region of we show that this segment, which is 99% identical to region 1478-1632 of human 53BP1, surprisingly com-53BP1 might directly participate to the repair of DNA DSBs (Iwabuchi et al., 2003) .
prises not only one but two Tudor domains. The first Tudor domain corresponds to the predicted one and Finally, 53BP1 localizes to kinetochores and is hyperphosphorylated during mitosis under conditions where presents a cavity analogous to the sDMA binding region of SMN. At this point, NMR measurements were used the spindle checkpoint is activated. The minimal 53BP1 kinetochore binding domain resides again in a region to characterize the interaction of 53BP1 TT with an RGRGRRGR peptide symmetrically dimethylated or located between the N terminus phosphorylated in an ATM-dependent manner and the BRCT domains. It cornonmethylated on the arginine residues. The DNA binding region of 53BP1 TT was also mapped by NMR. These responds to residues 1220-1601 in mouse 53BP1 and 1235-1616 in human 53BP1. Thus, the central region of different interactions were analyzed, in order to understand their specificity and their potential mode of regula-53BP1 is involved both in the DNA damage response and in the signaling at the kinetochore during mitosis tion. Finally, searching for similar functional sites in the other detected tandem Tudor sequences was carried (Jullien et al., 2002).
We have analyzed the sequence of 53BP1 between out in order to understand the functional role of this new structural family. residues 956 and 1709. It contains several low complexity regions. However, a segment showing globular domain characteristics (about one-third of hydrophobic Results residues) is found between residues 1480 and 1616. This segment is predicted to contain a Tudor domain, 53BP1 TT Folds into Three Structural Motifs The solution structure of 53BP1
TT was determined by a conserved motif of 50 amino acids found in several RNA-associated proteins (Ponting, 1997 and 129 (data not shown), and the backbone root-meansquare deviation (rmsd) calculated on this fragment with RG-rich motif of 8 residues (RGRGRRGR) is highly conserved within the three known 53BP1 sequences (hurespect to the mean coordinates yields 0.85 Å . The 3D structure of region 8-129 is constituted of three strucman, mouse, Xenopus). This motif is located 80 residues before the predicted Tudor domain in mouse 53BP1. tural motifs ( Figures 1A and 1B) . The first and second motifs correspond to residues 12-57 and 64-112, reTo gain molecular insight into the functional role of the region of 53BP1 comprised between the N-terminal spectively. They both adopt a ␤-barrel-like fold and are connected by a 6 residue linker. The third motif essenphosphorylated region and the BRCT domains, we have Motifs 1 and 2 Adopt Similar ␤-Barrel-like Structures Analysis of the NMR spectra revealed that 13 residues from 53BP1 TT display two sets of resonances with unAs shown in Figure 1C , motifs 1 and 2 are mostly superimposable, except for two structurally variable loops equal intensities. These residues are spread all over the sequence. In the 3D structure, they are clustered in and located between the first and the second strands and between the second and the third strands of each motif. around the C-terminal ␣-helix, close to the trans Pro127. Secondary structure elements are indicated in blue for ␤ strands and in red for the 3 10 helix. "Consensus tudor" indicates a consensus sequence obtained from the SMART database: "s" means small and medium size residues at 80%; "h" stands for hydrophobic residues at 80%; "l" means aliphatic residues at 80%; "@" means aromatic residues at 50% or hydrophobic at 65%; and "-" stands for Asp at 65%. The rmsd calculated between the backbones of the two to ␤10 by 3 10 helices of three residues at positions 52-54 and 106-108, respectively, such that the angle between motifs except for the variable loops yields 1.9 Å . Each of these motifs is constituted of two strongly bent antithe two consecutive strands is about 90Њ in both cases. Thus, the two antiparallel ␤ sheets are roughly perpenparallel ␤ sheets: ␤ sheets ␤1, ␤2, ␤5 and ␤2Ј, ␤3, ␤4 form motif 1; ␤ sheets ␤6, ␤7, ␤10, and ␤7Ј, ␤8, ␤9 form dicular in both motifs. The ␤-barrel-like structures are closed by interactions of ␤1 with ␤5 and ␤6 with ␤10, motif 2. The two large ␤ strands ␤2 and ␤7 are bent by a 90Њ angle due to the presence of classical ␤-bulges respectively. Structural alignment between the two motifs yields at positions (30,31; 39) and (82,83; 94) respectively. ␤2Ј and ␤7Ј represent these strands after their respective 18% of sequence identity (Figure 2A ). The conserved residues are either small and medium size amino acids ␤-bulges. Furthermore, ␤4 is connected to ␤5 and ␤9 (two glycines, one alanine, one valine), aliphatic hypresents most of the markers of a Tudor domain, motif 2 only presents two-thirds of them, and those essentially drophobic residues (one leucine), or aromatic residues (one phenylalanine, two tyrosines). Val14, Ala16, and correspond to buried small or hydrophobic residues. In particular, the solvent-exposed aromatic patch found in Gly27 in motif 1 and Val67, Ala69, and Gly79 in motif 2 are clustered in the two first ␤ strands of their respective SMN and motif 1 is absent in motif 2. The DALI search using 53BP1 Tudor motifs further motifs; they are directed toward the ␤-barrel interior and their small size is probably essential for the packing of revealed a structural analogy with PWWP and MBT domains, evolutionary related to the Tudor domains within the two ␤ sheets of their barrel. Gly45 in motif 1 and Gly99 in motif 2 are important for the formation of the the "Royal family" described by Ponting Ser19, Asn21, Gly22, Tyr23 (in loop ␤1␤2), Asp44, Tyr46 and 2 of 53BP1 are also small and medium size amino (in loop ␤3␤4), Glu47, Cys48 (in strand ␤4), and Ala69 acids in the SMN Tudor domain (Figure 2A ). However, (in strand ␤6). Thus, both peptides bind in a cavity essenthe aromatic residues conserved between motifs 1 and tially composed of three aromatic residues and two neg-2 are not found in the SMN Tudor domain, stressing that atively charged residues, located between loops ␤1␤2, these residues are probably not crucial for the Tudor ␤3␤4 and strand ␤4 in motif 1. Other residues surfold.
rounding Very recently, Zhang and coworkers have reported Tudor Tandem Is Associated to Gene Transcriptional the three-dimensional structure of tandem PDZ in the Regulation, Chromatin Remodeling, and DNA Repair rat GRIP1 (Feng et al., 2003) . The tandem adopts a comThe three-dimensional structure described in this paper pact and stable structure, while the first repeat alone is the first solved structure of a tandem of Tudor dois less stable and its 3D structure is distorted. stitute the hydrophobic core of motif 1. Eight residues play a similar structural role in motif 2. Seven residues are localized at the interface between motif 1 and motif 2: A Similar Region of 53BP1
TT for DNA and RG-Rich Peptide Binding Gly11, Arg13, Gly22, Phe24, Tyr25, Asp43, and Arg106. Such a distribution of conserved residues suggests that Surprisingly, the DNA binding surface is similar to the region involved in the binding to RG-rich peptides. Howthe role of these residues is mainly to stabilize the Tudor tandem fold. ever, DNA is mostly negatively charged and the peptide is largely positively charged. Two remarks can be done The Tudor tandem is mostly associated with SET, MBD, PHD, and Zinc Finger C2H2 or BRCT domains, to understand this result.
First, among the residues involved in DNA binding, which suggests that their biological function is always linked to gene transcriptional regulation, chromatin reno positively charged residue (Arg, Lys) is found, as is usually the case in protein-DNA interfaces. We commodeling, and DNA repair (Letunic et al., 2004) . However, most residues of 53BP1 TT involved in RG-rich peppared our results with the analysis of 129 protein-DNA 
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